We calculate hyperon-nucleon and hyperon-hyperon interactions at next-to-leading order in SU(3) baryon chiral perturbation theory extending earlier work by the Bonn-Juelich group. The constructed potentials in momentum space include all one-and two-meson exchange terms generated by the SU(3) chiral Lagrangian. Effects from intermediate decuplet baryons are considered as well. These chiral baryon-baryon potentials, together with appropriate contact terms, provide a new basis for systematic studies of hyperon-nucleon scattering and light hypernuclei.
Introduction
Chiral perturbation theory has become a powerful tool for the systematic calculation of hadronic processes. At present a very accurate description of low-energy nucleon-nucleon scattering has been achieved in SU(2) chiral effective field theory [1, 2, 3] . The extension to the three-flavor case, relevant for describing the baryon-baryon interactions in all (strangeness and isospin) channels has so far not been treated in that detail, also due to the present shortage of experimental scattering data. A leading order (i.e. tree level) calculation of hyperon-nucleon scattering has been performed in chiral perturbation theory in Ref. [4] . In this work we consider the two-meson-exchange contributions to the baryon-baryon potentials at next-to-leading order. These chiral hyperon-nucleon potentials together with chiral contact terms are basic input for calculations of baryon-baryon scattering, hypernuclei and strange baryonic matter.
Theoretical framework
In the following we show the relevant parts of the effective chiral Lagrangian. The leading order purely mesonic Lagrangian reads
with the quark mass matrix M = diag (m u , m d , m s ) and f 0 the pseudoscalar meson decay constant in the chiral limit. We use the Lagrangian in the isospin limit which leads to explicit chiral and flavor symmetry breaking by different 
with
The constant M 0 is the baryon mass in the chiral limit. For the pseudoscalar mesons and octet baryons
we use the usual non-linear realization of chiral symmetry with
The leading order interaction Lagrangian including decuplet baryons is given in the non-relativistic limit by
The spin transition matrix S connects the two-component spinors of octet baryons with the four-component spinors of decuplet baryons. The operator S fulfills the relation
The decuplet baryons are represented by the totally symmetric three-index tensor T ,
which transforms under chiral symmetry as T abc → K ad K be K c f T de f . We follow the power counting scheme of Weinberg, where one defines the potential as the two-particle irreducible part of the T-matrix, and obtains the full T-matrix by iterating this potential with a Lippmann-Schwinger equation to all orders. The potentials of baryon-baryon interactions are ordered in powers of small momenta according to [4] 
with the chiral dimension ν = 2 −
The number of external baryons is denoted by B and L is the number of Goldstone boson loops, v i is the number of vertices with dimension ∆ i . For a vertex with dimension ∆ i , the number of derivatives or Goldstone boson masses is denoted by d i , and b i is the number of internal baryon lines. The soft scale q is either a baryon three-momentum, a Goldstone boson four-momentum or a Goldstone boson mass. Following this scheme the leading order (ν = 0) potential is given by one-meson-exchange diagrams and non-derivative four-baryon contact terms. At next-to-leading order (ν = 2) higher order contact terms and two-meson-exchange diagrams with intermediate octet or decuplet baryon contribute. We use the heavy-baryon formalism where a 1/M 0 expansion is performed before doing the loop integrations. In Fig. 1 we show the possible Feynman diagrams up to next-to-leading order. In the particle basis different assignments of particles to the lines change only an SU(3) factor and the involved masses, but otherwise the result of the Feynman diagram stays the same. For diagrams with exchanged (crossed) final state baryons (e.g. YN interaction diagrams with strangeness exchange) one has additionally to apply the spin exchange operator, and has to exchange the momenta of the final state baryons.
Results
As a representative example we show the potential for the planar box diagram. It has an irreducible part and a reducible part coming from iterating the one-meson exchange to second order. One obtains a central potential (1), a 2 spin-spin potential ( σ 1 · σ 2 ) and a "tensor" potential ( σ 1 · q σ 2 · q ). In the center-of-mass frame, with the momentum transfer q = p − p and the masses of the two exchanged mesons, m 1 and m 2 , we get the irreducible potentials in closed analytical form, 
The prefactor N comprises the coupling constants from the four vertices and it is different for each combination of baryons and mesons in the particle basis. Ultraviolet divergences are treated by dimensional regularization which introduces the scale λ. Note that divergent terms beyond ln λ have been dropped. We have defined the functions
For the nucleon-nucleon interaction with equal meson masses the expressions reduce to the results in Ref. [5] . Similarly, we show the potential for the triangle diagram with an intermediate decuplet baryon. One obtains the following contribution to the central potential 
